We introduce the notion of a generalized partial dynamical symmetry for which part of the eigenstates have part of the dynamical symmetry. This general concept is illustrated with the example of Hamiltonians with a partial dynamical O(6) symmetry in the framework of the interacting boson model.
The concept of dynamical symmetry has been widely used in diverse areas of physics with notable examples in nuclear, molecular, and hadronic physics [1] [2] [3] . In this approach one assumes that the Hamiltonian can be written in terms of the Casimir operators of a chain of nested algebras
in which case it has the following properties: (i) Solvability: all states are solvable and analytic expressions are available for energies and other observables; (ii) Quantum numbers:
all states are classified by quantum numbers which are the labels of irreducible representations (irreps) of the algebras in the chain; (iii) Pre-determined structure: the structure of wave functions is completely dictated by symmetry and is independent of the Hamiltonian's parameters. The merits of a dynamical symmetry are self-evident. However, in most applications to realistic systems, the predictions of an exact dynamical symmetry are rarely fulfilled and one is compelled to break it. This is usually done by including in the Hamiltonian symmetry-breaking terms associated with different sub-algebra chains of the parent spectrum generating algebra (G 1 ). In general, under such circumstances, solvability is lost, there are no remaining non-trivial conserved quantum numbers and all eigenstates are expected to be mixed. A partial dynamical symmetry (PDS) corresponds to a particular symmetry breaking for which some (but not all) of the above mentioned virtues of a dynamical symmetry are retained. Such intermediate symmetry structures were recently shown to be relevant for nuclear [4] [5] [6] [7] [8] [9] [10] and molecular [11] spectroscopy, as well as to the study of mixed systems with coexisting regularity and chaos [12] .
Two types of PDS were encountered so far. The first type corresponds to a situation for which part of the states preserve all the dynamical symmetry. In this case the properties of solvability, good quantum numbers, and symmetry-dictated structure are fulfilled exactly, but by only a subset of states. An example in the framework of the interacting boson model Alternatively, this type of PDS occurs when the Hamiltonian preserves only some of the symmetries G i in the chain (1) and only their irreps are unmixed. Such a scenario was recently considered in [10] in relation to the chain
An IBM-1 Hamiltonian was constructed which preserves the U(6), O(6), and O(3) symmetries (with quantum numbers N, σ, L) but not the O(5) symmetry (and hence leads to τ admixtures). To obtain this type of PDS in the IBM-1, it is necessary to include higher-order (three-body) terms in the Hamiltonian.
The purpose of the present work is to show that it is possible to combine both types of PDS, namely, to construct a Hamiltonian for which part of the states have part of the dynamical symmetry. We refer to such a structure as a generalized partial dynamical symmetry. For the chain (2) this can be achieved with an IBM-1 Hamiltonian with only twobody interactions. We analyze the resulting band structure and multi-phonon admixtures, and compare the spectrum and E2 rates with empirical data in 162 Dy.
The following type of IBM-1 Hamiltonian has been proposed [10] as a representative of a PDS of the second kind
The κ 0 term is the O(6) pairing term defined in terms of monopole (s) and quadrupole (d)
, which is not a generator of O(5). Therefore, it cannot connect states in different O(6) irreps but can induce O(5) mixing subject to ∆τ = ±1, ±3.
Consequently, all eigenstates of H 1 have good O(6) quantum number σ but do not possess
To consider a generalized O(6) PDS, we introduce the following IBM-1 Hamiltonian:
The h 0 term is identical to the κ 0 term of Eq. (3), and the h 2 term is defined in terms of the 
has σ = N and is an exact zero energy eigenstate of H 2 . Since H 2 is rotational invariant, states of good angular momentum L projected from |c; N are also zero-energy eigenstates of H 2 with good O(6) symmetry, and form the ground band of H 2 . These projected states do not have good O(5) symmetry and their known wave functions contain a mixture of components with different τ . For example, the expansions of the ground state L = 0
and first excited state (L = 2
Here N and N ′ are normalization coefficients and the amplitudes a n , b n , c n (n = 0, 1, . . .)
are given by a n = (−1) (Note that, alternatively, for a different ratio κ 0 /κ 2 , the K = 0 2 band also can have σ = N character as in [10] .) In this case the diagonal κ 0 term in Eq. (3) simply shifts each band as a whole in accord with its σ assignment. All eigenstates of both H 1 and H 2 are mixed with respect to O(5). This is demonstrated in Fig. 3 for the L = 0, 2 members of the respective ground bands. The observed ∆τ = ±1, ±3 mixing is generated by the κ 2 term in H 1 (3), and For the lowest excited bands we find
Using the parameters of H 2 relevant to 162 Dy (see Fig. 1 ), we obtain that the K = 0 2 band is composed of 36.29% β, 63.68% γ In Table I we compare the presently known experimental B(E2) values for transitions in 162 Dy with the values predicted by H 1 and H 2 using the E2 operator
.
Absolute B(E2) values are known for transitions within the K = 0 1 ground band [13] . The experimental values for the K = 2 1 → K = 0 1 transitions are deduced from measured branching ratios together with the assumption of equal intrinsic quadrupole moments of the two bands [14, 15] . The latter assumption is satisfied by the calculated E2 rates to within about 10%. The parameters e B and χ in Eq. (9) 
